Theoretically, changes in macroeconomic fundamentals are reflected in the fluctuations of exchange rates. However, the relationship between these two variables was not clearly demonstrated when using the Taiwan-U.S. bilateral exchange rate as an example. Therefore, this study researches the cointegration relationship between exchange rate and fundamental variables from the angle of the multilateral exchange rate. The researchers use this process to verify the empirical reliability of applying the exchange rate model to a small open economy such as Taiwan. This study also uses the Granger causality test to strengthen the argument of this study. The results showed that the multilateral exchange rate could provide more comprehensive information and enhance the explanatory power of the traditional exchange rate model when applied to empirical research. The multilateral exchange rate can also assist researchers in interpreting the interdependent relationships between Taiwan and its major trade rivals.
Introduction
The lack of empirical correlation between the exchange rate and macroeconomic fundamental variables has long been a puzzle in international finance. In theory, the exchange rate is determined by fundamental variables such as monetary supply, output, interest rate and price levels. However, most empirical data show that the exchange rates seem to follow random walks. Therefore, it is difficult to explain the movement of exchange rates using fundamental variables. For instance, Meese and Rogoff (1983a, b) used data in the 1970s to measure several exchange rate models with out-of-sample forecasts. They discovered that out-of-sample forecasts cannot beat the random walks in interpreting the fluctuation of exchange rates. Although some studies showed that in the long run, there is consistency in the movement of exchange rates with the fundamentals (for example, Chinn and Mess, 1995; Mark, 1995; Mark and Sul, 2001) , it is generally believed that exchange rates are unpredictable, especially in the short run. As a result, no matter what form a theoretical model of exchange rates is, its feasibility has always been disputed in empirical studies.
Regarding the relationship between exchange rates and the fundamentals, Engel and West (2004, 2005) proposed another view based on the asset-pricing model. They pointed out that if the exchange rate can be expressed as a linear combination of the discounted value of current and expected future fundamental variables, as long as one or more influential variables have unit root and the discount factor is near 1, then the exchange rate will follow the random walks. In other words, the unstable characteristics of exchange rates can be interpreted by the asset-pricing exchange rate model. Short-term fluctuations of exchange rates might result from expected future changes. As a result, Engel and West (2004, 2005) believe that exchange rate fluctuations can help predict changes in the fundamentals (but not vice versa).
In view of this, Chou and Tseng (2008) extended the ideas of Engel and West (2004, 2005) in studying fundamental variables that are normally applied to determine the exchange rate model. Applying characteristics of the asset-pricing exchange rate model, they targeted Taiwan and six other Asia-Pacific countries to study the present value of exchange rates between their currencies and US dollars and to predict the performance of the fundamentals. They found evidence supporting the present-value form of exchange rates and fundamental variables in most countries. However, they could not find the correlation between exchange rates and the fundamentals in Taiwan. This highlights that the Taiwan-U.S. exchange rate is volatile and unpredictable. Therefore, they believe that the Taiwan-US exchange rate might be dominated by other factors that cannot be explained.
In recent years, the proportion of Taiwan-U.S. trade has slowed. According to Krugman and Obstfeld (2009) , exchange rates signify the exchange ratio of currencies between different countries and to some extent reflects the relative economic conditions and policies between countries. If the countries have a higher dependency, exchange rate fluctuations will more obviously reflect changes in economic conditions. Thus, a decrease in the trade volume between Taiwan and the U.S. implies that the Taiwan-U.S. bilateral exchange rate alone is not comprehensive enough to serve as a reference. This is also the reason why some related studies cannot reach a conclusive result. Hence, we use the proportion of bilateral trade of Taiwan with its major trading partners to measure mutual dependency in the construction of a nominal effective exchange rate (NEER), and apply it to study the relationship between the exchange rate and market fundamentals.
As for the empirical method, we applied cointegration analysis and the Granger causality tests to study the long-term equilibrium and short-term fluctuations between exchange rates and the fundamentals. Empirical results showed that when considering the Taiwan-U.S. bilateral exchange rate model, it is hard to find a correlation between exchange rates and fundamentals. However, as the number of countries in the currency basket increased and a more comprehensive multilateral exchange rate was constructed, we were able to not only find cointegration relationships between exchange rates and fundamentals, but also verify the empirical reliability of the exchange rate models. In the short-term, the fluctuations of exchange rates significantly cause changes in the fundamentals; it supports the asset-pricing characteristics between exchange rates and fundamentals. Our results show that the multilateral exchange rate provides more comprehensive information and improves the explanatory power of traditional exchange rate models. It also helps explain the correlation between the macroeconomics of Taiwan and other countries.
The following is the structure of this paper. In section 2, we explore a nation's trade dependency, the measure of multilateral exchange rates, and compare it with traditional bilateral exchange rates. Based on the money-income model and Taylor rule model, we derive the domestic and foreign fundamentals that can dominate the exchange rates in Section 3. Section 4 presents the relevant empirical results. Section 5 is the conclusion.
Trade dependency and multilateral exchange rate
In recent years, the proportion of Taiwan-U.S. trade is gradually slowing. Using the Taiwan-U.S. exchange rate as the only measure for our fundamentals seems insufficient for research because it ignores the effects of changes in the trade structure to the economy (Tseng, 2007) . Howitt (1986) also indicates that instead of a bilateral exchange rate, multilateral exchange rates provide more information for establishing a domestic monetary policy. As a result, we compile the nominal effective exchange rate (also called the weighted average exchange rate) to describe the fundamentals of Taiwan and its major trade partners, the rate effectively reflects the link of economic conditions among them.
Internationally, the International Monetary Fund (IMF) and some countries' central banks use the nominal effective exchange rate index to reflect the relationship of one country's exchange rate with major international currencies. There are no standard rules for constructing an effective exchange rate. For example, the U.S. Federal Reserve Board (Fed) and the European Central Bank (ECB) distinguish between major and secondary currency baskets based on the importance or special characteristics of trade partners. Regarding the weight of each country's currency in the basket, the Bank of Japan (BOJ) adopts export weight using the unilateral trading concept, while the Fed,
The nominal exchange rate model
In this section, we determine the fundamentals for exchange rates according to the money-income model and Taylor rule. In the model, we define Taiwan as the home country, t s is the natural log value of nominal exchange rate, where the exchange rate is the New Taiwan dollars value of a unit of foreign currency (for example, the U.S. exchange rate is the New Taiwan dollars value per U.S. dollar).
Money-income model
Assume the money market relationship of the home country is as follows (see Engel and West, 2004, 2005; Chou and Tseng, 2008) :
Where t m is the natural log value of home country money supply; t p is the natural log value of home country's price level; t i is the interest rate of the home country; t y is the natural log value of home country's output; and mt v is the random shock of the home country's money demand.  is the income elasticity of money demand; and  is the interest rate semi-elasticity of money demand.  >0 and  >0. Similarly, assume the following equation also exists in foreign money markets:
Variables with the superscript "f" represent foreign countries, and the rest follow the definition above. Since the nominal exchange rate is the purchasing power parity (PPP) plus the real exchange rate t x , it can be expressed as:
In the financial market, the interest parity relationship is:
In the above equation, the superscript "e" means an expected value. t  can be interpreted as the risk premium or the expectation error. We can subtract Equation (1) with Equation (2) and apply equations (3) and (4) to derive the following equation:
Equation (5) 
is the random shock. In the following task, we use the constant and error terms to capture e t s 1  and t  . Equation (5) shows that when the domestic money supply increases relatively higher than in foreign countries, it will cause the depreciation of the home currency. When the increase in domestic output is relatively higher than in foreign countries, the quantity of imports in the home country goes up and causes the corresponding appreciation of currency.
Taylor rule model
Assume the home country is a small and open economy. If the central bank interferes by applying the interest rate rule (see Taylor, 1993; Engel and West, 2004, 2005) , then the interest rate of the home country can be expressed as:
Where t s is the target exchange rate; g t y is the output gap;
is the inflation rate; t w is the random shock, which includes some missing variables. 0  >0 in equation (6) means that the goal of the monetary authority is to keep the currency stable; therefore, when the exchange rate is higher than the target, then the monetary authority increases the interest rate to attract capital inflow and causes the appreciation of currency. On the contrary, when the exchange rate is lower than the target, then the interest rate is lowered to reduce the capital inflow or increase the capital outflow, which causes the depreciation of the currency. 1  >0 and 2  >1 indicate that the monetary authority adopts the "leaning against the wind" measure when the economy is overheating or inflation is too high (see Taylor, 1999; Aklan and Nargelecekenler, 2008) .
Assume the monetary authority sets the target exchange rate to be the rate under PPP;
; combined with equation (4) we will get:
Equation (7)  . The exchange rate model based on the interest rate rule implies that, when the domestic interest rate goes up, given the interest rate parity theory, capital outflow will increase, causing the depreciation of currency. When domestic prices increase relatively higher than foreign prices do, the relative purchasing power of the domestic currency drops, causing the depreciation of the exchange rate. When the economy or inflation is overheating (
, the monetary authority raises the interest rate in response. However, the rising in the domestic interest rate attracts capital inflow and causes the appreciation of currency.
Empirical model and results

Data sources
The data selected in this study is monthly data ranging from 1992Q1 to 2010Q1. The top sixteen trade partners of Taiwan are selected. Due to the lack of data sources, China, Indonesia and Singapore are excluded from the list. (Note 1) Therefore, only thirteen countries are used in the model, including the United States, the United Kingdom, Japan, Korea, Germany, France, Hong Kong, Canada, Australia, Holland, Malaysia, Philippines and Thailand. The exchange rate is defined as the New Taiwan dollars per unit of foreign currency. The Taiwan-U.S. exchange rate is from the Directorate General of Budget, Accounting and Statistics, Executive Yuan (DGBAS); the exchange rates of other Taiwan's trade partners are from the IFS database of the IMF (line rf). Bilateral exchange rates between Taiwan and the trade partners are calculated from the cross rates.
The data of the following variables are either from DGBAS or IMF-IFS. For interest rates, we use money market rates from the IFS (line 60b); for the price level, we use consumer price index (CPI, line 64); output data is the GDP (line 99b). M2 is used to measure the variable of money supply. For Hong Kong, Korea, Australia, Philippines and Thailand, M2 is calculated from the sum of lines 34 and 35; for the UK, M2 is line 351; for Canada, France, Germany, Japan, Malaysia, Holland, and the U.S., M2 is line 59.
The units of measurement in GDP and M2 are billions. The value of each foreign country's GDP is in New Taiwan dollars. Data of GDP, M2 and CPI are seasonally adjusted. All variables presented in logarithm forms excluding interest rates. Taiwan's output gap is estimated by Hodrick-Prescott Filter. We use the trade volume between Taiwan and each trade partner to measure the mutual dependency and set three currency baskets according to the order of trade weights. In the following sections, we make the empirical analysis in four different cases. Case 1 is the traditional method using Taiwan-U.S. exchange rate. Case 2 to case 4 use the multilateral exchange rates. In case 2, the multilateral exchange rate is constructed by three trade partners of Japan, the U.S. and Hong Kong. Other than the countries in case 2, Korea, Germany and Malaysia are added in case 3. Case 4 includes all the trade partners selected in this paper. Related information of these cases is listed in Table 1 .
Cointegration Tests
According to Section 3, the exchange rate model can be expressed by equations (5) and (7). Based on Equation (5) ( Howitt, 1986; Weymark, 1995 are the trade weighted averages of foreign money supply and output. In other words, we employ trade dependency to measure the correlation between the economic fundamentals in Taiwan and all trade partners. The economic fundamentals of countries with higher trade weights have more impact on Taiwan (Weymark, 1995) . Similar to Equation (8) Similarly, we design the following regression for Equation (7):
In Equation (9) 
9 (  calculates the foreign interest rates and foreign prices according to the trade weighted average ( Since most macroeconomic variables are non-stationary, it is difficult to apply the theoretical model in empirical studies. However, Davidson et al., (1978) stressed that the theoretical economic model displays the long-term equilibrium between variables; while the actual economic data are not generated in equilibrium (but gradually adjusted to the equilibrium). Therefore, cointegration analysis can help estimate the long-term equilibrium of a time series and verify the empirical feasibility of the exchange rate model. As a result, we follow the concepts in Davidson et al., (1978) and apply the cointegration analysis to test the empirical feasibility of the exchange rate model on the data in Taiwan.
Before proceeding with the estimation, we concerned ourselves with the time series characteristics of the data. Firstly, we needed to identify the integration order of the data. If the time series data exist in different integration orders, then cointegration does not exist; if the data have the same cointegration order, then we can estimate the long-term equilibrium in the next step (Engle and Granger, 1987) . Table 2 summarizes the unit root test statistics of all relevant macroeconomic variables. The number in the parentheses are p-value. We set the augmented Dicky-Fuller test (ADF test) to include the constant term and the time trend (with four lags). Panel A in Table 2 shows the unit root test results for the level of each macroeconomic variable. The test results indicate that at the 10 % significance level, we cannot reject the null hypothesis that the unit root exists in the macroeconomic variables in all cases. As a result, all the standardized variable values are non-stationary series ( g t y measures the output gap in Taiwan; therefore, it is the same variable under all cases). In panel B of Table 2 , the unit root test for first order difference show that these variables are all significant at a 5 % level, thus we can reject the null hypothesis that the unit root exists (most of them are significant at the 1 % level). Therefore, the variables in the study are integration of order 1.
According to the I (1) characteristics of the macroeconomic variables in Equations (8), ) 8 (  , (9), and ) 9 (  , we found that it is difficult to interpret the exchange rates through economic fundamentals. If we are hasty in adopting the above regression analysis as the conclusion, a biased estimation or a spurious regression might result. The cointegration application proposed in Engle and Granger (1987) provides another analysis for non-stationary series. They suggested that if there is a linear combination that can transform the non-stationary variables to a stationary series, then the linear combination is called the cointegration. It also suggests the long-term equilibrium between explained variables and explanatory variables. As a result, if we can find the cointegration for equations (8), ) 8 (  , (9), and ) 9 (  , then we can successfully prove the theoretical long-term equilibrium of exchange rates and economic fundamentals in Taiwan.
We adopted the two-stage cointegration analysis in Engle and Granger (1987) below. First, the regression analysis was applied to equations (8), ) 8 (  , (9), and ) 9 (  . Next, we applied the unit-root test on the residuals. If the residuals are a stationary series, it implies that cointegration exists between exchange rates and fundamental variables. The cointegration vector is the regression coefficient and the regression is feasible.
Conversely, if the residuals are non-stationary, the long-term equilibrium does not exist for the exchange rates and fundamental variables, and the regression analysis yields biased results. The results of the regression analysis for Equations (8), ) 8 (  , (9), and ) 9 (  are summarized in Table 3 and Table 4 . Table 3 shows the results of the regression analysis for the money-income exchange rate model. Case 1 in panel A only focuses on the Taiwan-U.S. bilateral exchange rate model. Since the residuals are a non-stationary, even though the signs of the regression coefficients are both consistent with the theoretical requirements and significant, spurious relationship of no cointegration was estimated. Case 2 in panel B considers the multilateral exchange rates and fundamental variables of the top three trade partners; the residuals are also non-stationary. The signs of the regression coefficients are not consistent with the theoretical requirements; therefore, the estimation is biased. Panels C and D show that, as the multilateral exchange rates and fundamentals become more comprehensive (as in the estimations in cases 3 and 4), the null hypothesis that the unit root exists in residuals is rejected at the 5 % level. The series is stationary. In other words, in these two cases, we found the long-term equilibrium between multilateral exchange rates and fundamental variables. The signs of the coefficients are not only consistent with the theoretical requirements, but are also highly significant (except for the regression coefficient
in panel C, all other coefficients in panels C and D are significant at the 1 % level). Therefore, the results of Table 3 are consistent with our expectations. If we control for more information and build comprehensive multilateral exchange rates and fundamentals, we can find the link between exchange rate model theory and the empirical data. Table 4 shows the results of the regression analysis for the exchange rate model based on the interest rate rule. Similarly, we summarize the regression results of Equations (9) and ) 9 (  in panels A to D by different cases. In Table 4 , panels A and B suggest that the residuals in cases 1 and 2 are a non-stationary series; therefore the estimation is biased and the regression coefficients are meaningless. Panel C in Table 4 shows that under case 3, the residuals are significant at the 5 % level and stationary. The signs of the regression coefficients are consistent with the theoretical prediction (only g t y is significant at the 10 % level while the rest are all significant at the 5 % level). Similarly, panel D in Table 4 suggests that under case 4, there is a stable equilibrium between the multilateral exchange rates and fundamental variables. The coefficient for g t y is insignificant in case 4, suggesting it might be related to the measurement error of the macroeconomic data. Restricted by the available data and sample period, we excluded China, Singapore and Indonesia from the currency basket. These three countries are the third, sixth, and tenth largest trading partners of Taiwan. In the future, if we can collect more data and extend the sample period, we might be able to obtain a more precise estimation. Still, the above results are consistent with our estimation. The comprehensive constructs for multilateral exchange rate and fundamental variables improve the more empirically correlation of exchange rate model based on the interest rate rule.
Granger causality Tests
According to the asset-pricing exchange rate model, exchange rates can be expressed as the linear combination of the present value of current and expected future fundamental variables. Engel and West (2004, 2005) pointed out that if exchange rates can be displayed in the asset-pricing form, then their short-term fluctuation is no doubt the reflection of changes in future expectation. Market information reflects the future expectation for the fundamentals; therefore, the fluctuation in exchange rates is likely to help predict changes in fundamentals. Since the cointegration relationships between exchange rates and fundamental variables imply long-run equilibrium in theory, and the actual economic data are not generated in equilibrium, if the short-term exchange rate fluctuations can Granger-cause changes in fundamental variables (but not vice versa), then more comprehensive evidence improving the empirical credibility of the exchange rate model exist.
In order to present the money-income exchange rate model in Equation (5) 
Equation (10) shows that the exchange rate can be expressed as the sum of the present value of current and expected future domestic monetary aggregate and output, relative to that of foreign nations.
is the discount factor, which is close to 1 based on previous studies. (Note 3) Similarly, we rewrite Equation (7) as:
Equation (11) also presents the exchange rate model in asset-pricing form.
; it is also close to 1 empirically (see Clarida et al., 1998) . (Note 4) According to the exchange rate model based on the Taylor rule, the exchange rate can be expressed as the sum of the present value of the current and expected future foreign interest rates, and relative domestic/foreign prices, output gap, and the inflation rate. From the perspective of the asset-pricing exchange rate model, fluctuations in the exchange rate can cause changes in the future fundamentals (but not vice versa). Let t f represent the fundamental variables. According to Equation (10) and (11)  ". In case 1, we cannot find any causality between fluctuations in the Taiwan-U.S. bilateral exchange rate and changes in the fundamentals. The result is consistent with Chou and Tseng (2008) . However, when we extend the subject to the multilateral exchange rate, tests in cases 2 to 4 show that at the 10 % significance level, 10 out of the 18 tests reject the null hypothesis that " t s  cannot Granger-cause . In conclusion, the Granger causality tests support our hypothesis that more comprehensive information compiled about a multilateral exchange rate can improve the empirical credibility of exchange rate models.
Conclusion
It has long been a puzzle in international finance that empirical correlation is hard to be proved between exchange rate and macroeconomic fundamental variables. Since exchange rates follow random walks, it cannot be predicted by fundamentals empirically. This fact also exists in Taiwan when studying the Taiwan-U.S. exchange rate. As a result, related studies indicate that the Taiwan-U.S. exchange rate might be dominated by other factors that can not be explained. Instead of using the Taiwan-U.S. exchange rate, we construct multilateral exchange rates to discuss this issue. By compiling a nominal effective exchange rate based on the bilateral trade volume of Taiwan with its major trading partners to measure mutual dependency, and applying it to study the relationship between the exchange rate and market fundamentals, we find that the correlation between exchange rates and fundamentals cannot be proved if only Taiwan-U.S. bilateral exchange rate is considered. However, as the number of countries in the currency basket increased and a more comprehensive multilateral exchange rate was constructed, we were able to not only find cointegration relationships between exchange rates and fundamentals, but also verify the empirical reliability of the exchange rate models. Our results show that the multilateral exchange rates provide more information and improve the explanatory power of traditional exchange rate models. It also helps explain the correlation between the macroeconomics of Taiwan and other countries. 
